Dear Sir:
where h is Planck's constant, c, the velocity of light, m, the mass of the electron, and V,, the amplitude of the sine-shaped potential along the conjugated chain which according to Kuhn can assume values between 0 and 2.0 ev. This equation defines )maxl in terms of two variables: V7, which is related to the degree of resonance in the conjugated system in its ground state; and the number of conjugated double bonds in the system, which determines both L and N. Kuhn gives two ways of estimating L and N, depending upon the degree of resonance in the conjugated system. When this is great (as in the polymethines), so that all carbon-to-carbon bonds have virtually the same length,
where j is the number of double bonds, and is Pauling's length for the carbon-tocarbon bonds in benzene (1.39 X 10 -8 cm Blatz makes three predictions: (a) The absorption maxima of two of the three visual pigments of goldfish cones, knowing the third. All three are derived from retinal 2 , by combination with three different cone opsins, which Blatz assumes appose Lewis acids at C 14 , C 2 , and C 10 , respectively (cf. Fig. 1 ). (b) The absorption maximum of porphyropsin, knowing Xma of rhodopsin to be at 500 mp. Here, Blatz assumes that rod opsin apposes a Lewis acid to C 1 2 of retinal or retinal2 to form rhodopsin or porphyropsin. (c) The absorption maximum of cyanopsin, given Xma of iodopsin at 562 m/t. Blatz assumes that cone opsin "adds the Lewis acid stereospecifically to C 14 " of retinal to form iodopsin, and of retinal2 to form cyanopsin (Blatz, 1964-65, pp. 757-758) .
Let us calculate the results of these predictions. The absorption maxima of the three types of goldfish cone pigments lie at about 455, 530, and 625 mu (Marks, 1965) . Different opsins might be expected to induce different degrees of resonance in the chromophore. V might therefore be expected to differ for visual pigments derived from different opsins, so that there is no theoretical basis for using Xmax of any one of the cone pigments of the goldfish to calculate Xmax of the others.
Blatz calculates Vo for the goldfish pigments from X , .ax of the green receptor (537 m/u, on the basis of earlier data), on the assumption that the Lewis acid makes contact at C 12 and therefore induces a carbonium ion with four double bonds, and then uses this V 0 to calculate Nmax for the carbonium ions containing three and five double bonds (cf. Blatz's Table I, p. 758). Using Kuhn's equation, we obtain 0.19 ev for the value of V 0 (or 0.23 ev, if we assume non-equivalence of single and double bonds). This is about one-third the value given in Blatz's table, in which Vo = 10.60 X 10-13 erg, which is equivalent to 0.66 ev. The value of 0.66 ev is obtained if one assumes that the conjugated system is longer than the value of L derived for four double bonds from Kuhn's equations.
If we use the value of VO obtained following the specifications in Blatz's paper, and calculate Xmax of the two other pigments, the absorption maxima predicted for the red and blue receptors are 645 and 425 m/u, in rather poor agreement with the experimental data.
Blatz's other two predictions are much more decisive for his theory, for here the same opsin interacts with chromophores of different lengths, so that V should indeed be the same. Blatz specifies for the rhodopsin chromophore a carbonium ion with three double bonds. If we put this condition and Xm. = 500 m/, into Kuhn's equation, we obtain VO = -0.30, an absurd result in Kuhn's formulation, where V cannot be negative. We can now say either that VO is essentially zero, or that it is an empirical constant that can assume any value, and use VO = -0.30. For V = 0, X1i = 580 mu; for VO = -0.30, X1 = 665 m/u. Neither agrees with Xmax of porphyropsin at about 522 mYu.
The third prediction does not fare much better. It states that iodopsin is a carbonium ion with four double bonds and Xmax 562 m/u, and that cyanopsin has the same VO and five double bonds. From the conditions for iodopsin, we find VO = 0.078 ev; and this yields for cyanopsin X1 = 680 mu, in poor agreement with the observed Xmax at 620 mu.
Blatz's claim that for these visual pigments "the arrangement of X. . . is com-pletely predictable" is therefore unwarranted. The reason why the agreement is so bad, is as follows: If one tries to derive pigments with absorption maxima like those of rhodopsin and iodopsin from portions of the conjugated system of retinal or retinal 2 , one must assume a very large measure of resonance (a very great delocalization of the 7r-electrons)-in Kuhn's formulation a very small Vo. If this is so, then the addition of one double bond, as in going from retinal to retinal 2 , necessarily shifts Xmax to much longer wave lengths. The relatively small shift in XRx observed in going from the retinal to the retinal 2 chromophores is one of the main reasons why we assume that the 7r-electrons within the entire conjugated system are involved in all the visual pigment chromophores and that the various opsins differ principally in the extent to which they polarize the 7r-electrons (cf. Kropf and Hubbard, 1958; Hubbard, 1959) .
TABLE I
Absorption maxima (Xmx) of chromophores derived from the Schiff bases of retinal and retinal 2 . Xmx of the Schiff bases is calculated using Kuhn's formula for polyenes, with V = 2.0 and j'= 6 and 7. To obtain X of porphyropsin and cyanopsin, we first calculate V 0 for rod and cone opsins from the absorption maxima of rhodopsin and iodopsin, using Kuhn's formula for polymethines* and assuming that the chromophores of both are carbonium ions with five double bonds. Absorption maxima of the retinal 2 pigments are then calculated using the same values of V., and assuming that the chromophores contain six double bonds. Kuhn's equation permits a number of calculations, summarized in Table I . It predicts the absorption maxima of the aliphatic Schiff bases of retinal and retinal 2 , within about 10 mjy. If we use it to calculate Vo for rod and cone opsin, assuming that XX, of rhodopsin and iodopsin are both achieved by interaction of the appropriate opsin with the entire conjugated system of the retinal chromophore (a carbonium ion with five double bonds), we can then use these values of Vo to predict the absorption maxima of porphyropsin and cyanopsin (carbonium ions with six double bonds). As might be expected from the increase in the assumed length of the conjugated system, these calculations agree better with the observed values than do the predictions on the basis of Blatz's assumptions, though the predicted absorption maxima still lie at too long wave lengths. This suggests that the polarizing interactions between the opsins and their retinal chromophores are probably weaker than what would be expected from charge transfer complexes (cf. Kropf and Hubbard, 1958; Hubbard, 1959) .
The point we wish to stress, however, is not that a more judicious use or some modi-fication of Kuhn's equations might predict the absorption maxima of the visual pigments more accurately. We feel instead that the absorption maxima of the visual pigments extend over such a wide range, with individual examples at so many different wave lengths, that one must assume that the different opsins introduce qualitative as well as quantitative differences in their interactions with the chromophores. We believe that no quantitative treatment can have much predictive value until much more is known about the differences in amino acid sequence, conformation, and charge distribution among the various opsins.
